To study the vertical force correlation of the lead rubber bearing, the pseudo static test of the bearing has been carried out, and the test shows that when the vertical force is small, the pre-yield stiffness and the yield shearing force of the bearing are increased with the increase of vertical force, while the post-yield stiffness is decreased with the increase of vertical force. When the vertical force is increased to a certain extent, the bearing parameters may be stable. The bearing parameter has been identified by the least square method, and then, the quantitative relation between the bearing parameter and the vertical force could be obtained. The calculation model and the motion equation of the isolation structure under the multidimensional earthquake excitation have been established, and the parameter iteration of bearing obtained from the test has been used for solving the motion equation, from which the seismic response of an isolation structure has been made available when the vertical force of the bearing is considered. The calculation of engineering examples shows that the displacement of the isolation layer will increase after the consideration of the vertical force correlation of the bearing, and the displacement of the upper structure will have a larger overall shifting.
INTRODUCTION
The lead rubber bearing not only has mechanical properties meeting requirements of seismic design and use, but also the good applicability, durability and economy [1] . So, it is widely used in all kinds of seismic isolation engineering. As a relatively mature isolation technology, it has been widely recognized by engineering and academic fields both at home and abroad [2, 3] . However, in the past study and application, the influence of vertical force on the isolation performance of lead rubber bearings has usually been ignored [4] . Kelly, Griffith and Aiken [5] [6] [7] proved the correlation between the mechanical property of the lead rubber bearing and the vertical force respectively through the experiments. With the increase of horizontal relative displacement, the effect of P-Δ became more and more significant. Ryan, Kelly and Chopra, et.al [8] [9] , obtained the variation rule of the yield shearing force of the bearing with the vertical pressure through the pseudo-static experiments of variable axis force, which means that the yield shearing force is zero as the bearing is very low in pressure, increases rapidly with the increase of pressure, and is stable at one point as the pressure is greater than ___________________________________ *Corresponding Author: chengzhiyuan2008@163.com a certain limit. The above studies only have qualitatively proved that the mechanical properties of lead rubber bearing are correlated to the vertical force, but the quantitative relation between the mechanical parameter and the vertical force is not available. The Japanese Architectural Society has also pointed out that it is difficult to simulate the vertical force correlation of isolation of the rubber lead only with the mechanical theory. In regard to the study on the vertical force correlation of rubber lead isolation bearing, it is recommended that the actually measured data of the experiment shall prevail. Under the action of earthquake, the bearing not only bears the horizontal seismic action, but also the effect of the larger vertical earthquake. Then, the lead rubber bearing will bear the non-negligible vertical seismic force, and its physical and mechanical characteristics will change, thus affecting the seismic performance of the whole isolation structure. In this paper, based on the pseudo static test of the lead rubber bearing, the influence of the vertical force correlation on the isolation performance of the lead rubber bearing has been studied by parameter identification technology, and the quantitative relationship between the physical & mechanical property of the isolation bearing and the vertical force obtained. Fig.1 , mainly consists of the horizontal loading system, the vertical loading system and the data acquisition system. The horizontal loading capacity is 3 2 10 kN  , and the displacement stroke is ±600mm; the vertical loading capacity is 4 2.5 10 kN  , and the displacement stroke is ±200mm. The data acquisition system can complete the horizontal and vertical loading, force and displacement data collection, and display the hysteresis curve and so on.
VERTICAL FORCE CORRELATION TEST
The 500 CZY lead rubber bearing is manufactured by a domestic manufacturer, and its theoretical values of physical and mechanical parameters are shown in Table 1 . To reduce the error, two bearings in the same type (numbered CZY500-1 and CZY500-2 respectively) have been used for the parallel test in this test. The 500 CZY lead rubber bearing is manufactured by a domestic manufacturer, and its theoretical values of physical and mechanical parameters are shown in Table 1 . To reduce the error, two bearings in the same type (numbered CZY500-1 and CZY500-2 respectively) have been used for the parallel test in this test.
Test process
In the test process, the vertical force of the isolation bearing is graded and loaded with the equal step length, and the interval is 1MPa-22MPa and the step length is 1MPa. The specific test steps are as follows:
a. According to the size of the CZY500 isolation bearing, the plate is installed on the CS2500/200 load-shear test machine, and then, the isolation bearing is fixed on the test machine platform to prevent from the slipping of bearing as the vertical loading force is small. b. The vertical loading system begins to make the pressurization, and when the pressure loaded is up to 1MPa, the hysteresis test of the mechanical performance of the bearing is carried out (where the horizontal displacement is γ=100%), and each test shall be cycled for 3 times. See the National Code of China [10] for the specific requirements of the hysteretic test of the horizontal performance of bearing. No more detailed description for this. c. When the test machine begins to unload after completing the hysteresis test of horizontal performance, the test machine stops for about 30min, and the test bearing recovers to the normal temperature, so that the influence of temperature on the hysteresis performance of the bearing could be eliminated. d. Continue to complete the subsequent pressure loading and obtain the hysteretic curve of the bearing under different vertical pressure.
Test results
Refer to the hysteresis curve of the bearing at the vertical pressure of 12MPa, and the hysteresis curve of the CZY500 lead rubber bearing under the action of vertical load at all levels is shown in Fig.2 . For the limitation of paper length, there are only hysteresis curves of the CZY500-1 bearing under the vertical forces of 1MPa, 3MPa, 5MPa, 7MPa, 18MPa and 22MPa drawn. From Fig.2 , it can be seen that when the vertical pressure of the lead rubber bearing is relatively small (less than 5MPa), the hysteresis curve is obviously shrinking, and the hysteresis area of the bearing is smaller. When the vertical pressure of the lead rubber bearing is relatively large (greater than 7MPa), the hysteresis curve is little influenced by the vertical pressure, and the hysteresis performance tends to be stable.
Identification and analysis of bearing parameters
Parameter identification is to determine a set of parameter values based on the test data and the established model, so that the numerical results obtained from the calculation of model could best fit the test data (for the curve fitting problem), and it is commonly used in structural health monitoring and test [11] [12] . The least square method is the most widely-used parameter identification method. Its criterion is to find the best function matching [13] of data by minimizing the error sum of squares. Therefore, the least square method is used in this paper for the parameter identification of the isolation bearing for test results. The pre-yield stiffness, the post-yield stiffness and the yield shearing force of the bearing under different vertical loads are quantified, and the regression analysis is used to fit the change curve of the bearing parameter with the vertical load, as shown in Fig.3 . Fig.3 , it can be seen that: ① the pre-yield stiffness and the yield shearing force of the lead rubber bearing are greatly influenced by the vertical force. When the vertical force is relatively small, the value increases with the increase of the vertical force, and as the vertical force is further increased, the value tends to be stable. ② the post-yield stiffness is also affected by the vertical force, but its overall trend is decreasing. This is because of the enhancement of p  effect of the bearing for the increase of vertical force. However, it also can be seen that the post-yield stiffness of the bearing varies little. For the 500 CZY bearing, the change range is only between 1.393 and 1.395.
3.
ISOLATION STRUCTURE ANALYSIS CONSIDERING VERTICAL FORCE CORRELATION Ground motion has both horizontal and vertical components during the earthquake. It can be known from the previous test that the parameters of the lead rubber bearing are correlated to the vertical force, and when the vertical force changes, the mechanical properties of the bearing will also change, which means that the bearing parameters are no longer constant. The mechanical properties of lead rubber bearing directly affect the seismic response of isolation structure. Therefore, to study the influence of the lead rubber bearing on the seismic performance of the whole structure after the consideration of the vertical force correlation, the seismic response analysis model and the corresponding motion equation which could consider the vertical earthquake action should be established first, and the vertical force correlation model of the bearing is embedded into it; then, the iterative solution for the motion equation could be carried out. Finally, the influence of the lead rubber bearing on the isolation structure under the consideration of the vertical force correlation is obtained.
Calculation model
Generally speaking, the seismic analysis model of the building structure can be shear type [14] , where the quality of the wall is concentrated on each floor, as shown in Fig.4(a is the vertical damping of each layer. Considering the second moment effect (P-Δ effect) of each layer of the structure (that is, the horizontal and vertical geometric nonlinear couplings as shown in Fig.4(b) , the shear Qi of the i th layer column can be expressed as:
Where, i x is the horizontal displacement of the i th layer column; i h is the height of the i th layer column; i p is the axial force of the i th layer column, and it can be calculated by the following formula.
Motion equation
According to the dynamic analysis model of the isolation structure shown in Fig.4 , the motion equations of the isolation layer, the standard layer and the top layer of the isolation structure can be directly established. The motion equation of the seismic isolation layer is shown in (3) and (4); that of the standard layer in (5) and (6) , and that of the top layer in (7) and (8) .
In the formula (3) and the formula (4), , bh i f and , bv i f are respectively the horizontal shear and the vertical axial force of the i th lead rubber bearing in the isolation layer, and could be solved by the time history analysis of seismic wave based on the earthquake excitation [15] [16] . The horizontal stiffness ,1 h k of the isolation bearing is evaluated for value according to the results fitted in Fig.3 . The vertical stiffness , v i k of each layer is evaluated for value according to the structural mechanics method based on the material used and is a constant. In this way, the seismic response of the structure can be obtained by solving the above motion equations iteratively.
ENGINEERING EXAMPLE
To study the influence of the isolation bearing on the seismic performance of the building structure under the consideration of the vertical force correlation, this paper takes a student apartment building in a school as an example. The project includes a five-storey frame structure with the height of 3.6m, the horizontal stiffness of each layer of The peak displacement of each floor is shown in Fig.6 .
Fig.6 Comparison of peak displacements of each floor
From Fig.5 and Fig.6 , it can be seen that under the same earthquake excitation, the isolation structure with lead rubber bearing as the vertical force correlation has been considered and that as no vertical force correlation has been considered both have similar motion laws, but the displacement peak of the former is larger than that of the latter. Simultaneously, for the upper layers, the displacement of the former is equivalent to the whole migration on the basis of the latter, which is in accordance with the previous rules of the study [17] .
CONCLUSION
In the traditional lead rubber isolation bearing, the influence of the vertical force correlation on the performance of the bearing is not considered in the design, which causes that the seismic performance of the isolation structure is not in conformity with the actual situation, especially in the few floors and the small initial vertical force of the bearing, this error is more obvious. Therefore, in the design of lead rubber isolation bearing, especially under the action of vertical strong earthquake, the influence of the vertical force correlation on the performance of lead rubber bearing should be fully considered. This correlation is mainly reflected in the following two aspects: a. The influence of geometric nonlinearity. When the lead rubber bearing has a larger horizontal displacement, the p  effect from the vertical force cannot be ignored, which means that in a certain range, the horizontal stiffness of the isolation bearing will decrease with the increase of the vertical force. b. The influence of material nonlinearity. The yield shearing force of the bearing is related to the vertical force. When the bearings are in the same horizontal displacement, the hysteresis areas increase with the increase of the vertical force in a certain range, which means that the yield shearing force of the bearing increases with the increase of the vertical force.
